1. INTRODUCTION
===============

A novel infectious disease caused by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) has been pandemic started from Wuhan, China since December 2019. Without effective treatment and vaccination currently, proper strategies to prevent disease transmission are extremely crucial. In order to break the chain of coronavirus disease-2019 (COVID-19) transmission with limited resources, effective and quick recognition of possible infected patients is very important. However, the variable and non-specific clinical manifestations of COVID-19, including fever, cough, nausea, vomiting, diarrhea, fatigue, and loss of smell, render early recognition a great challenge.^[@R1],[@R2]^ Part of the infected individuals are asymptomatic, but old-aged patients with comorbidities have increased risk of acute respiratory distress syndrome and mortality.^[@R3]^

Center-based hemodialysis (HD) is the main renal replacement modality in most countries, counting near 90% of the total population with end-stage renal disease (ESRD).^[@R4]^ For HD patients, 4-hour restriction in an indoor environment three times a week, frequent contact with medical staff members and other patients are inevitable, and all these factors increase the possibility of cluster infection. Confronting the outbreak of COVID-19 pandemic, nephrologists and medical care providers need to come up with effective strategies to prevent disease transmission.

2. COVID-19 INFECTION IN PATIENTS WITH ESRD
===========================================

Patients with ESRD consist of more comorbidities^[@R4]^ and immunosuppressive status.^[@R5]^ Infection is the second leading cause of hospitalization and death of ESRD patients, and pneumonia consists 20% of infection. Nevertheless, patients on dialysis also have higher mortality rate and higher medical burden than non-dialysis individuals.^[@R4],[@R6],[@R7]^ Older adults, defined as 65 years and older, are at higher risk for severe illness and death from COVID-19.^[@R8]^ In the USA and many countries, half of the hemodialysis patients are older than 65 years old,^[@R9]^ belonging to the COVID-19 highest risk group. In addition, patients with ESRD usually have other chronic systemic diseases, such as hypertension, diabetes, and cardiovascular diseases, these comorbidities increase the risk of developing severe types and mortality of COVID-19 infection,^[@R3]^ indicating that ESRD patients are more vulnerable to COVID-19.

Unlike SARS, the clinical presentation of SARS-CoV-2 infection varies from asymptomatic, mild symptoms to severe respiratory distress.^[@R1],[@R2]^ Furthermore, fever is not consistently present.^[@R2]^ Based on the experiences of SARS, some hospitals and HD centers use fever as a criterion for isolation and screening policy. However, published data indicate that SARS-CoV-2 can be highly infective 2 days before initial symptoms present.^[@R10]^ In addition, current evidence showed ESRD patients exhibited more gastrointestinal presentation than respiratory symptoms as the initial presentation.^[@R11],[@R12]^ These features indicated that body temperature monitor is not an effective strategy to prevent cluster infection.

It is believed that severe complication of COVID-19 comes from cytokine storm of immunity but not virulence,^[@R13],[@R14]^ even children with very serious medical conditions, like treated with either immunosuppressant or other cancer therapies, are much less affected than adults.^[@R15],[@R16]^ Uremic toxins suppress both cellular and humoral immunity in dialysis patients compared to general population.^[@R17],[@R18]^ An altered immune response might be the reason why ESRD patients have atypical presentation in COVID-19.

3. CHALLENGE OF COVID-19 TREATMENT IN DIALYSIS PATIENTS
=======================================================

Unlike the SARS patients in 2003,^[@R19]^ some COVID-19 patients did not present prodromal symptoms of upper respiratory tract infection or chest X-ray abnormality. In addition, the incubation period of SARS-CoV-2 infection oscillating between 2 and 14 days makes it remarkably difficult to achieve early diagnosis. Currently, treatment for COVID-19 is still under developing. Potential treatments include hydroxychloroquine, tocilizumab, remdesivir, lopinavir, umifenovir, favipiravir, and convalescent plasma^[@R20]^ (Fig. [1](#F1){ref-type="fig"}). The efficacy and safety of these medications; however, still need a lot of clinical trials to prove. Even if some regimens are effective, as most of them are eliminated by kidneys; therefore, there is no available recommendation dosage for dialysis patients^[@R21]^ (Table [1](#T1){ref-type="table"}).
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As COVID-19 has rapidly spread around the world, there has been a mad scramble to find a vaccine. By April 2020, China, the USA, and the UK have initiated phase I-II safety and efficacy studies in human subjects.^[@R22]^ Because of the compromised host immunity, the vaccine may not exhibit the same efficacy in patients on hemodialysis as it does in immunocompetent individuals. Taking HBV as example, dialysis patients need four, instead of three, doses of vaccination of the hepatitis B virus. Even with increased dosage, approximately one-third of HD patients do not respond to this vaccination schedule.^[@R23]^ With current limited knowledge of this new virus, a serological conversion can be tentatively used as a surrogate of COVID-19 immunity status after vaccine shot in ESRD patients.

4. STRATEGIES TO PREVENT COVID-19 TRANSMISSION IN DIALYSIS FACILITY
===================================================================

Upon now, main nephrology societies have purposed suggestions and guidelines to prevent COVID-19 transmission in dialysis facilities. The guidelines vary because of difference of medical resources, prevalence of COVID-19, and policy of governments in each area.

In pandemic areas, the primary goal is to reduce the transmission efficiently under limited medical resources. On the contrary, isolation and tracing every COVID-19 cases is the most important target for areas with relatively few cases of COVID-19. We reviewed suggestions from American Society of Nephrology (ASN),^[@R24]^ European Renal Association-European Dialysis and Transplant Association (ERA-EDTA),^[@R25]^ International Society of Nephrology (ISN),^[@R26]^ and summarized the main content in screening, facility adjustment, and management of confirmed COVID-19 cases here. Difference of each guidelines is also discussed (Table [2](#T2){ref-type="table"}).
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4.1. Screening
--------------

Almost every guideline suggested the establishment of a standard screening protocol to prevent cluster infection in dialysis facilities. Before the arrival of dialysis facility, patients should inform the facility if there are suspicious symptoms to allow the preparation before dialysis. Prior to the screening process, medically stable patients are suggested to wait outside the facility or stay at their own vehicles. The whole screening process should be arranged in a separate room. Body temperature, standard history taking, and travel-occupation-contact-cluster (TOCC) history all need to be recorded. The criteria of performing screening test varied between different guidelines, ISN suggested universal test on every dialysis patients,^[@R26]^ while others suggested performing screening test only on symptomatic patients.^[@R24],[@R25]^ A main challenge of contain COVID-19 is that more than half infected individuals are asymptomatic or with minor symptoms;^[@R1],[@R11]^ however, they are still capable of spreading virus. Therefore, performing test on all hemodialysis patients may be an essential way to prevent cluster infection in dialysis facilities. Besides, screening test should also be performed before a vascular access surgery.^[@R25]^

If the tool of screening test could not be fully supported, screening test should at least be performed on patients with symptoms or significant TOCC history, physicians must be alert to the atypical symptoms of COVID-19, like gastrointestinal symptoms, and loss of smell and taste. The screening test should be done in a private room. Anyone with positive results of screening test should be isolated immediately and assigned to a private dialysis room and have proper treatment of COVID-19 based on the clinical condition.

There are mainly three types of screening tests: molecular test, viral antigen detection, and serum antibody detection^[@R27]^ (Table [3](#T3){ref-type="table"}). Molecular test exams the presence of viral RNA and RT-PCR is the gold standard of diagnosis currently, a U.S. Food and Drug Administration authorized novel test uses isothermal amplification shorten the reaction time to 5 minutes.^[@R28]^ However, false negative may still occur in inaccurate sampling. Viral antigen detection and serum antibody detection are both under developing. Viral antigen detection is based on the test of viral protein. Serum antibody detection, also known as "immunity tests," detects the presence of IgM and IgG in patient's serum, this means they are applied when an immune reaction to the pathogen has already taken place, the presence of antibody usually occurred after 1 week after COVID-19 infection.^[@R27]^ Therefore, it is of value to figure out how many people have been infected with the virus? who may have spread it without knowing it? and could also potentially allow immuned medical care givers to return to work. That could be a huge boost to front-line health workers.
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There is debate of which screening test is better for dialysis facilities. To prevent undiagnosed COVID-19 cluster infection within dialysis facility, molecular test for the presence of viral RNA is a reasonable choice. Although the infectivity of COVID-19 exists 2 to 3 days before symptoms onset and last for 2 weeks,^[@R1],[@R10]^ viral RNA shedding can be detected as long as 60 days.^[@R29]^ If patient isolation is only determined by PCR result, it could lead to unnecessary medical cost and staff burn out, eventually paralyze the dialysis center. Besides, although the protectivity of the antibody against COVID-19 is still unclear, the detection of antibody against COVID-19 might be helpful for transmission prevention and patient assignment. HD bed assignment could be based on the serology results of each patient.

4.2. Facility adjustment
------------------------

### 4.2.1. Medical staff

Self-monitoring of symptoms by medical staff is suggested in all guidelines. Sick members should stay at home and seek for medical intervention. Besides, medical staff should be grouped based on different shifts and working area. Contact between different groups should be avoided in order to minimized the risk of outbreak of COVID-19 or paralyze the whole dialysis facility. Education about the manipulation of personal protective equipment (PPE) and latest knowledge of COVID-19 should be offered.

### 4.2.2. Area adjustment

The area adjustment for dialysis facilities different between guidelines. The primary goal is to separate. The dialysis area for suspected or confirmed COVID-19 cases should be assigned to a private room. If private room is not available, corner or end-of row position is the alternative choice and the distance between symptomatic and asymptomatic patients must be longer than 2 meters. For areas with enough airborne infection isolation room, the dialysis should be performed in one of them. Hand sanitizer, and supplies for respiratory hygiene must be fully equipped in dialysis facilities. Good air conditioning and ventilation are also suggested. Regular and frequent disinfection should be conducted.

### 4.2.3. Personal protective equipment

The medical resources varied between different countries. Prioritized usage of PPE for medical staff need to be established. For example, isolation gowns are suggested throughout procedures with higher risk of transmission, like initiating and terminating dialysis, manipulating access needles and catheters, assisting patients to and from the dialysis station, and cleaning and disinfecting the dialysis station.^[@R24]^ For patients with confirmed COVID-19, visor mask and gloves are suggested by all guidelines.^[@R24]--[@R26]^ However, the policy of mask supply varied between different areas. Surgical masks are acceptable if N95 masks are unavailable by ASN suggestion.^[@R24]^ N-95 medical masks (FFP2 or FFP3) are recommended by ERA-EDTA.^[@R25]^ Hand sanitizer should be installed in the facility for both patients and medical staff.

4.3. Management of suspected or confirmed cases of COVID-19
-----------------------------------------------------------

The management of suspected or confirmed cases of COVID-19 with ESRD varied between different countries significantly because the limitation of medical resources and different prevalence of COVID-19. Airborne infection isolation room is not suggested in some countries like America;^[@R24]^ however, others recommend dialysis in airborne infection isolation room.^[@R25],[@R30]^ Overall, the principle is effective distancing. Dialysis should be done in a private room. If no private room is available, dialysis must be arranged in the corner or end-of-row equipment and the distance between the patient and other must be longer than 2 meters. The medical staff should be equipped with full PPE. Disinfection must be done after the dialysis.

4.4. Health education
---------------------

The risk of COVID-19 infection not only existed in the dialysis facility. The prevention of transmission should be built from the aspect of the patients' daily life. Health education could be done during the process of hemodialysis. The importance of wearing masks, hand hygiene, social distance and alertness to the atypical symptoms of COVID-19 should be emphasized. ERT-EDTA suggest avoid contact with younger population because they have more asymptomatic infection.^[@R25]^

4.5. Public health
------------------

Prevention of COVID-19 is a challenging goal for every country, the policy of government is extremely crucial. For ESRD patients with contact history of COVID-19, the transportation between their home and dialysis facilities should be regulated^[@R30]^ and dialysis facilities for COVID-19 patients are also needed.^[@R25],[@R30]^ For patients under home hemodialysis or peritoneal dialysis (PD), hospital visiting should be avoided, instead, home visit by medical staff could be arranged.^[@R25]^ Getting access of immigration information is also an important information of traveling history for the prevention of COVID-19. In Taiwan, data of immigration are linked to the national health insurance system. Those data can be checked for every patients and their company before dialysis.^[@R30]^

5. INCREASE PERITONEAL DIALYSIS PENETRATION
===========================================

Screening process and adjustment of dialysis facilities require a great amount of medical resources, medical staff, and reduce the flexibility and capacity of dialysis significantly. Any outbreak of COVID-19 could paralyze a dialysis facility easily. Unlike SARS, the pandemic of COVID-19 may last for a long period. Even after the COVID-19 pandemic, risk of new droplet-spread infectious diseases still exist. Worldwide, humans are interacting with wildlife with increasing frequency, scientists discover six new coronaviruses lurking in bats that are in the same family as the SARS-CoV2 in 2020.^[@R31]^ Under the frequent communication and contact globally. We should also be prepared for the future emerging infectious diseases.

In the pandemic of COVID-19, to reduce every possibility of cluster infection should be took into concern for renal replacement modality selection. Compared with hemodialysis, PD reduces the frequency of hospital visiting, which could significantly reduce the risk of cluster infection. International Society of Peritoneal Society suggest PD patient stay at home, and hospital visits should be minimized for only urgent indications, like suspected peritonitis.^[@R32]^ Isolation of confirmed COVID-19 cases is also easier for PD patients with no need to interrupt renal replacement therapy.

In conclusion, COVID-19 impacts our medical system tremendously. Without effective treatment and vaccination, our temporary goal is to reduce the spreading of COVID-19 and avoid dialysis facility become a reservoir of COVID-19. Increasing evidence emphasizes the role of asymptomatic people in the spread of this virus. SARS-CoV-2 infection present atypical symptoms among patients ESRD. Frequent medical facility visiting increases the risk of cluster infection. Thus, screening protocol and facility adjustment need to be done in every dialysis facility. In order to reduce the risk of cluster infection of COVID-19 and future aerosol/droplet-borne respiratory infection disease, PD might be a reasonable choice for ESRD patients commencing the dialysis therapy.
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